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SECOND DECLARATION UNDER 37 CFR 1.132 

Olle Korsgren, Bo Nilsson and Rolf Larsson hereby 
each solemnly declare as follows: 

We are co-applicants and co- inventors of the above- 
identified application. We each have both M.D. and Ph.D. 
degrees . We earlier submitted a declaration in this 
application, also under 37 CFR 1.132, which we reiterate and 
confirm, and which has attached thereto our CV's which are 
made a part of this declaration as well. 

Each of us confirms familiarity with the prior art 
documents cited and relied upon by the U.S. patent examiner 
and the commentary of the U.S. examiner in conjunction with 
reliance on such prior art citations. We amplify our earlier 
declaration as follows: 

Encapsulation (also referred to as 
microencapsulation) implies that the islets are confined 
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within a polymer membrane that is not in direct contact with 
the islets. Extensive efforts have been spent on preparing 
microcapsules primarily using alginates as the capsules - 
forming material in accordance with what is disclosed in 
Wagner and Soon- Shi ong. 

A recent article (ref. 1) , Dufrane et al 1 , is 
representative for the current state-of-the-art. As 
illustrated in Fig 1 in the cited article, an optimal capsule 
should be a sphere with a diameter of 650- 700 pm. Wagner 
specifies a diameter of 500 jim (p. 6, item 2, 1.3-4 in 
translated document) . 

Considering that the islets have a size of 50-300 
pm, we state as fact beyond any doubt that one or several 
islets will be enclosed in each microcapsule with considerable 
dead space between the islet (s) and the enclosing membrane. 

Even with the most advanced technology using 
polyethylene glycol as the capsule -forming material, as being 
used by e.g. No voce 11 Inc. (see-www.novocell.com).,. the 
capsules of the prior art leave a dead space of 25-50 jim 
between the cell surface and the polymer membrane (see fig. 1 
below) . The dead space creates delayed response times due to 
the fact that glucose must first diffuse through the membrane, 



1 1. Dufrane D. , Goebbels R-M. , Saliez A., Guiot Y. , and Gianello P.: six-months 
survival of microencapsulated pig islets and alginate biocompatibility in primates. 
Proof -of -concept. Transplantation, 9, 1345-1353, 2006 
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and then the glucose has to be transported by a concentration 
gradient across the dead space until it reaches the cell 
surface. 

Fig 1. (microphotographs obtained at www . novocell . com ) 




Purified Human islets Encapsulated islets with 

PEG Cortfcmial Coatings 

The insulin response by the cell will be delayed and 
the occurrence of insulin in the blood is further delayed by 
the dead space and diffusion through the membrane. The end 
result is that the actual insulin response in blood will be 
too late and may even induce hypoglycemia, if increased levels 
of insulin are generated too late when the glucose . levels are 
already going down. 

On the contrary, in our invention, the material 
used, e.g. Corline Heparin Conjugate, is adsorbed directly in 
close contact with individual islets with no dead space , 
whereby glucose in blood interacts directly with the islet 
cells so that a physiological response with regard to release 
of insulin is achieved. The following picture (Fig. 2), 
prepared in our laboratory, shows one islet cell coated with 
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heparin according to our invention and examined by confocal 
microscopy using f luorescently labelled antithrombin that 
binds to heparin. It is evident that the coating follows the 
contour of the cell and is in direct contact with the cell 
surface. 

Fig. 2 




Islet of Langerhans , non-modified (left) and coated with the Corline 
Heparin Surface (right) . Antithrombin (which has strong affinity for 
heparin) labelled with a fluorescent dye, Alexa 488, was allowed to adsorb 
to the surface. Islets were then examined in a Zeiss LSM 510 Meta confocal 
microscope (Carl Zeiss, Jena, Germany) equipped with an Axiovert 200 
microscope stand. Z-stacks of the islet surfaces were acquired using the ' 
488nm laser -line, a 20X objective and a 505-550 BP filter. Three- 
dimensional projections of the acquired z-stacks were analyzed using Imaris 
software (Bitplane , Zurich, Switzerland) . The non-modified islet (left) 
only displays weak autofluorescens, whereas the adsorbed heparin is 
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visualls&d as a smooth and coherent coating that follows the contours of 
the islet. 

There is another distinct difference between 
encapsulated islets such as those of Wagner and Soon-Shiong, 
and heparin coated islets according to our invention that 
needs to be emphasised* The spherical membrane that 
encapsulates the islets of the prior art is an insoluble 
polymer with a cross -longitudinal network of bonds (thus it 
forms a membrane barrier between the islet surface and the 
surroundings), whereas the material we use f e.g. Corline 
Heparin Conjugate, is a soluble macromolecule that is adsorbed 
as discrete molecules onto the cell surface with no cross - 
1 ong i tudi na 1 linkages being formed between the conjugate 
molecules (thus no membrane barrier is formed between the 
islet surface and the surroundings) . 

Soon-Shiong et al discusses "microcapsules prepared 
from crosslinkable polysaccharides, polycations and/ or lipids 
and use therefor" (title of the patent) . No part of the Soon- 
Shiong document demonstrates or discusses the use of heparin 
or heparin conjugates for coating islets without 
polymerization (or crosslinking, alternatively gel formation) . 
On the contrary, examples 1-7, 14-17, 19, 21-25, 27-28 and 30- 
32 are specifically related to crosslinking, gels, 
polymerization etc. Therefore, Soon-Shiong et al do something 
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quite different from our invention, and this document leads 
away from our invention. 

In their patent application, Wagner et al mention 
islets of Langerhans in Claim 3 and heparin used to antagonize 
agglomeration in claim 7. However, no disclosure of our 
present invention can be found in the patent application of 
Wagner et al . On the contrary, Wagner et al only describe the 
use of macro- and micro -encapsulation of islet cells, and 
thereby leads or directs worker in our field away from our 
invention. 

As clearly explained in our previous Declaration, 
the encapsulating membrane composed of an insoluble polymer 
proposed by Wagner et al and Soon-Shiong et al constitutes a 
barrier to immunologically active cells and molecules, whereas 
no such barrier is created by adsorption of the heparin, e.g. 
Corline Heparin Conjugate. We reiterate with strong emphasis 
that it is absolutely clear and certain that the chemical 
constitution and diffusion characteristics are fundamentally 
different between the two methods, and that there is no 
chemical or technical rationale on basis of which one could 
accurately maintain that adsorption of the Corline Heparin 
Conjugate would lead to encapsulation in the sense of Wagner 
et al and Soon-Shiong et al . 
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We hereby further declare that all statements made 



herein of our own knowledge are true and that all statements 
made on information and belief are believed to be true; and 
further that these statements were made with the knowledge 
that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 





Olle Korsgren 



Date 





Bo Nilsson 
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Xenotransplantation 



Six-Month Survival of Microencapsulated Pig Islets 
and Alginate Biocompatibility in Primates: 

Proof of Concept 

Denis Dufrane, 1 Rose-Marie Goebbek, 1 Alain SalieZy 1 Yves GtiioU 2 and Pierre Gianello 1,3 



Background. Pig islets xenotransplantation remains associated with a strong humoral and cellular xenogeneic immune 
responses. The aim of this study was to assess the long-term biocompatibility of ■-'alginate encapsulated pig islets after 
transplantation in primates 

Methods. Adult pig islets encapsulated in alginate under optimal conditions (n= 7) or not (n~5) were transplanted 
under the kidney capsule of riondiabetic Cynomolgus niaccacus. Additional primates received empty capsules (n = 1) 
and nonencapsulated pig islets (n = 2) as controls. Capsule integrity, cellular overgrowth, ptg islet survival, porcine 
G-peptide and anti-piglgM/IgG antibodies were examined up to 6 months after implantation 
Results. Nonencapsulated islets and islets encapsulated in nonoptimal capsules were. rapidly destroyed. In seven pri- 
mates* receiving perfectly encapsulated pig islets, part of the islets survived up to 6 months after implantation without 
immunosuppression. Porcine C^peptide was detected after 1 month in 71% of the aninials. The majority of grafts 
(36%) were intact and completely free of cellular overgrowth or capsule fibrosis. Explanted capsules, after 135 (n=2/2) 
and 180 (n=2/3) days, demonstrated residual insulin content and responses to glucose challenge (stimulation index of 
2.2). Partial islet survival was Obtained despite an elicited anti-pig IgG humoral response 

Conclusions. Optimal alginate encapsulation significantly prolonged adult pig islet survival into primates for up to 6 
months, even in the presence of antibody response. 

Keywords: Pig islet transplantation, Xenotransplantation, Micrpencapsulatioh, Primate, Biocompatibility. 
(Transplantation 2006;8l: 1345-1353) 



The need for permanent immunosuppression and the 
shortage of pancreas donors remai n major hurdles to the 
widespread use of pancreatic islet cell transplantation to cur- 
ing type 1 diabetes (/, 2). 

In order to protect islet cells from immune reaction 
without the need for chronic immunosuppressibn, microen- 
capsulation has been considered and demonstrated to be ef- 
fective in mice {3— 6). In most studies, islets have been encased 
in alg;inate-pblylysine-alginate microcapsules (7) but the cy- 
totoxicity of polyaminoacid and the mechanical instability of 
microcapsules limit their application (5, 8, 9). Several groups 
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have recently reported that encapsulation in a simple mi- 
crobead made of alginate is able to protect pig pancreatic cells 
against alio- or xenorejection in diabetic mice (4, 5, 10 t 11). 
However a question remains about the putative application 
of this method in a preclinical large. an inial model. 

In order to overcome the shortage of human pancre- 
ases, pig islets represent an important therapeutic alternative 
(12) t Although the strong humoral and cellular xenogeneic 
immune responses appear difficult to overcome (J3), pig islet 
survival has been demonstrated for up to 53 days in primates 
by using an ti -thymocyte globulins (14). Recent results re- 
ported by B. Hering (personal cbmnuinication) seem, how^- 
ever, to show that the use of a heavy immunosuppressive 
regimen (5 or 6 drugs), allows pigislets to survive in primates 
for up to months. Such an immunosuppressive regimen 
seems unlikely to be acceptable in humans, but these results 
are, however, encouraging. This result suggests that other al- 
ternatives such as microencapsulation should be evaluated in 
the pig to primate model. 

This study is the first to assess the factors involved in 
successful pig islet immunoprotection by alginate capsule 
when transplanted in no n -diabetic primates without any im- 
munosuppression. The impact of several parameters (stabili- 
zation, culture period) involved in in vivo and in vitro algi- 
nate capsule biocompatibility, as well as the ability of alginate 
capsules to protect pig islets in primates from the strong xe- 
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nogeneic immune response were evaluated for up to six 
months. 

MATERIALS AND METHODS 

Pig Islet Cell Isolation and Encapsulation 

Adult pig pancreases were harvested from Land race 
pigs (>200 kg, n— 10)at the local slaughterhouse (Centre A. 
de Marbaix, L6uyain-la-Neuve, Mr. Collignon) and islets 
were isolated using a previously described technique {15). 

Freshly isolated pig islets were encapsulated in an SLM 
100 alginate matrix (Batch 1 10064, FMC BioPotymer, Dram- 
men, Norway) containing a high concentration of mannu- 
ronic acid (High-M, 56%). Freezerdried alginate (viscosity: 
1 74 mPa.s; endotoxin <25 EU/gram), was diluted in a MOPS 
IX washing buffer (Inotech Encapsulation AG, Dottikon, 
Switzerland) at a concentration of 1% w/v. Pig islet cells were 
suspended in alginate at a concentration of 10,000 islet 
cells/ml and encapsulation was performed by the Inotech En- 
capsulation AG device (serial number: LS-0 1,005; Dottikon, 
Switzerland) (Dufraue et aL, manuscript submitted). Quality 
of capsule was microscopically evaluated (on 100 capsules 
samples) in order to determine the capsule diameter and the 
percentage of non-well shaped and broken capsules. 

Microcapsule Culture Condition 

In order to obtain optimal stability of microcapsule, 
several CaCl 2 concentrations were tested in culture. Empty 
capsules were cultured in HAM-F 10 medium (NV Invitro- 
gen, Merelbeke, Belgium) and supplemented with either 0.3, 
1.8, 2.5 or 5 mM CaC| 2 for 2, 1 8 and 24 hr of incubation. One 
hu ndred capsule diameters, for each series, were examined on 
an inverted phase contrast microscope with a calibrated grid 
in the eyepiece. 

Animal Recipients 

Non -diabetic Cynqmojgus monkeys (3-6 years old; 
4-7 kg, n= 15) were used as recipients.and were hoiised ac- 
cording to the guidelines of the Belgian Ministry of Agricul- 
ture and Animal Care. All procedures were approved by the 
local Ethics Committee for Animal Care of the Universite 
Catholique de Louvain. Three experimental groups were de- 
signed: one primate received empty capsules (Negative Con- 
trol Ctrl—); 2 primates were transplanted with non-encap- 
sulated pig islets (Positive Control, Ctrl 4-) and 12 primates 
were transplanted with pig encapsulated islets (Experimental 
.Group).. 

In this latter group, two primates received pig encapsu- 
lated islets which had not been cultivated for 18 hr prior to 
transplantation (without capsule stabilization), three animals 
received pig encapsulated islets which had been cultivated for 
18 hr prior to transplantation but in medium supplemented 
by 10% v/v of FBS (NV Invitrogen, Merelbeke, Belgium), and 
finally, seven primates received pig encapsulated islets after 
an 18 hr period of culture in a medium free of serum. 

Transplantation of Microencapsulated Islets 

Kidney subcapsular space was chosen since it seems a 
less immuuoreactive implantation site for encapsulated xe- 
noislets than peritoneum (Dufrane et ;al., September 2005, 
submitted in Biomaterials). 



After anesthesia, kidneys were exposed, by a midline 
laparotomy, and a 20-gauge catheter (Becton Dickinson, 
Aalst, Belgium) was placed between the kidney parenchyma 
and the capsule. Each animal received 1 5,000 microencapsu- 
lated islets equivalent to (IEQ)/kg of body recipient, collected 
in a 10 ml syringe. Positive control aniriia Is received the same 
number of non-encapsulated pig islets under the kidney cap- 
sule. Negative control animal received a volume of empty 
capsules corresponding to the volume of 1 5,000 I EQ/kg en- 
capsulated pig islets (a mean of 7 nil). Each graft was trans- 
planted under the capsule of one kidney per primate. 

Animal Follow-up 

Blood glucose was monitored during the first 24 hr 
posttransplantation to avoid hypoglycemia. Bipod samples 
were taken (via the femoral vein) prior to transplantation 
(three times to determine the Porcine C-peptide baseline) 
and 1 hr, days 1, 7, 30, 60, 90, 135 and 180 posttransplanta- 
tion. Porcine C-peptide (Linco Research, Nuclilab BV, BB 
EDE, The Netherlands), anti-porcine antibodies (see below) 
and creatinine (Kodak Ektachem DTSC II; Or tho- Clinical 
Diagnostics* INC, Rochester, NY, USA) levels were measured 
on primate sera. Body Weight was monitored weekly. 

Detection of Anti-porcine IgM and IgG 

Porcine lymphocytes were used, as antigenic taVgetsfor 
the detection of anti-porcine antibodies. Ten miliilitres of 
heparinized blood, obtained from Belgium landrace pigs 
(12— 15 weeks old), were diluted in 25 ml of RPMl and lym- 
phocytes were recovered after centrifugation across a: density 
gradient on lymphocyte separation medium (LSM; Bio^ 
chrom AG, Berlin, Germany). Specific anti-porcine IgM or 
IgG antibodies were assessed by, Flow Cytometry using a flu- 
orescencer activated cell sorter (Facsort, Becton Dickinson, 
BD Erembodegem, Aalst, Belgium). The 8X10 5 porcine lym- 
phocytes/tube were incubated 30 min with 20 /xl of serum 
from each experimental primate (primate serum was used 
without dilution and decomplemented at 56°C). After iricii- 
bation, at 4°C, three washes were performed with HBSS solu- 
tion. FITC-labeled rat anti-human IgM (LO-BM2) and IgG 
(LO-HG22) antibodies (IMEX, Universite Catholique de 
Louvain, Brussels, Belgium) were incubated with lympho- 
cytes and washed three times after 30 min of incubation. 
These data were acquired and processed using CELL Quest 
software (Bp Bioscience). The mean fluorescence intensity 
(iYlFI) and percentage of lymphocyte binding anti-porcine 
antibody were:assessed. 

Assessment of Explanted Capsules 

Under anesthesia^ nephrectomy was performed and the 
microcapsules were recovered 30, 90, 135 and 180 days after 
transplantation. Macroscopic quality of the graft was assessed 
as the following score in 3 groups: no graft fibrosis (0%); 
>50% of en trapped capsules in fibrosis and total graft fibrosis 
(100%). The proportion of capsule overgrowth, which was 
defined as the percentage of capsules with more than 50% of 
surface covered by cells, was microscopically evaluated on a 
mean of 4.00 capsules/explanted graft. The proportion of bro- 
ken capsules and the proportion of capsules containing dithy- 
zone (DTZ) staining islets were also evaluated microscopi- 
cally. 
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The ability of encapsulated adult pig islets to produce 
insulin 135 and 180 days after transplantation was assessed by 
a static glucose challenge. Prior to the test, explanted capsules 
had been cultivated in 75 cm 2 flasks, for 15 hr, on RPMI 1640 
glucose 5 mM supplemented with 10% FBS at 37°C After 
culture, encapsulated pig islets were removed from the flasks, 
washed three times with RPiVII 1640 glucose 5 mM and incu- 
bated for 24 hr, in RPMI 1640 supplemented with glucose 5 
mM, 15 mM or 15 mM + Forskolin 1 fxM (37°C). After 
incubation, supernatants were collected and stored at -20°C 
until measurement of insulin by a double antibody radioim- 
munoassay. Insulin content. of the microencapsulated pig is- 
lets was measti red in samples from each recipient. Microcap- 
sules were added to 500 fil acidrethanol solution^ sonicated 
arid kept at -20°G. Results of insulin secretion are given in 
percentage of insulin; content per islet. Insulin secretion ac- 
tivity and insulin content were compared with the p reim- 
plantation values. 



Statistics 

Values are presented as means ± SD (excepted when 
specified otherwise). The statistical significance of differences 
was tested by a one-way analysis of variance ( ANOVA) with a 
Bpnferroni posthoc test. The Mann-Whitney U test was used 
to analyze the insulin secretion of explanted capsules. The 
statistical tests were carried out using Systat version 8,0. Dif- 
ferences were considered to be significant at P<0.05. 

RESULTS 

Parameters Conditioning "In Vitro and In Vivo" 
Biocompatibility 

Size of Microcapsules and CaCl 2 ,Concentration 

After encapsulation, the mean diameter of empty cap- 
sules was 653 ±22 /xni (n=460 from three independent ex- 
periments). Incubation of capsules for 18 or 24 hr in a culture 
medium supplemented with 0.3 mM CaGl 2 provoked a sig- 



Mi^cafoh of capsule diameter In function of 
' culture concfitbri:. 

A 



FIGURE 1. (A) Stabilization of the 
capsule diameter prior to transplanta- 
tion. Stable capsule diameters were 
obtained in a medium containing 1.8 
mM CaC12 with art incubation time of 
18 hr (*P<0.005 for capsule diameter 
with 1.8 mM vs: 0.3/2:5/8 mMCaCl 2 ). 
Significant swelling and retraction 
were observed in capsules incubated 
in medium containing low (0.3 mM) 
and high (2.S/5 rriM) concentrations of 
CaCl 2 (300 capsules were evaluated 
for each series from three indepen- 
dent experiments), respectively. 
Transplantation of non-optimal (B) and 
optimal (C) encapsulated pig islets 
beneath the kidney capsule (location 
bar- 100 Atxrt)* Note that graft fibrosis 
(E)> and strong fibrosis (*) reaction, 
surrounding non-optimal capsules, 
were 1 month after implantation. No 
graft fibrosis and free-capsules were 
observed, 1 month after transplanta- 
tion, in case of optimal capsules trans- 
plantation (E). In addition, insulin pos- 
itive cells were found, at day 30 
posttransplantation, inside optimal 
capsules (G; immunostaining for anti- 
insulin; original magnification: X2,5) 
in contrast to capsules from non-opti- 
mal conditions (F; no staining for insu- 
lin; original magnification: X2.5). 
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TABLE 1 . Scoring of encapsulated pig islets after explanation 



Microscopic evaluation of graft 
(% of total capsule) 







Macroscopic 








Porcine 




Time of 


evaluation 


Degree of 


Degree of 


Capsule 


C-peptide 




graft 


of graft 


capsule 


broken 


containing 


(ng/ml) at 


Animal number 


explanation 


{% of fibrosis) 


overgrowth 


capsule 


DTZ + cells 


day 30 


No n- optimal encapsulation 














FBS 














001 


30 


100 


ND 


ND 


ND 


0 


002 


30 


100 


ND 


ND 


ND 


0 


003 


30 


100 


ND 


ND 


ND 


0 


Without preimplant 














18-hr culture 














004 


30 


50 


94 


86 


0 


0.04 


005 


30 


100 


ND 


ND 


ND 


0.03 


Optimal encapsulation 














006 


30 


0 


3 


2 


54 


0.119 


007 


90 


0 


2 


6 


32 


0.106 


008 


135 


0 


1 


0 


17 


0.288 


009 


135 


0 


6 


4 


12 


0.157 


010 


180 


0 


5 


0 


6 


0.199 


on 


130 


50 


32 


26 


0 


0.049 


012 


180 


0 


8 


12 


3 


0.053 



Capsules were removed, from the primare's kidney 30, 90, 135 and 180 days after transplantation. Two-independent investigators evaluated the grafts. The 
degree of cellular overgrowth, broken capsules and DTZ contained islets were microscopically evaluated on 400 capsules for each graft. ND, nondetermined 
since all the grafts were entrapped in fibrosis. 



nificant swelling of capsules ( + 12.5% of initial diameter 
prior to culture (745±42 /mi), P<0.005) (Fig. 1A). No sig- 
nificant modification of tlie diameter was observed for cap- 
sules incubated in culture medium supplemented with 1.8 
mM CaCl 2 for 2 h (703±33 pm), 1 8 h (698 ±56 pun) or 24 hrs 
(707 ±69 fim). In contrast, incubation in medium with 
higher CaCl 2 concentrations (2.5 and 5.0 mM) induced a sig- 
nificant reduction in capsule diameter (—6.6%, P<0.005) as 
compared to the diameter obtained just after encapsulation. 

Culture of Microencapsulated Islets Prior to Implantation 

In order to stabilize the microcapsules, and obtain long 
term biocompatibility of encapsulated pig islets* preimplan- 
tation culture for 18 or 24 hr is necessary. Two primates that 
were immediately implanted after encapsulation demon- 
strated a strong cellular/ fibrosis reaction against the graft af- 
ter 1 month (Table 1, animals 004-005). 

Three animals which received pig encapsulated islets 
cultivated prior to transplantation in CMRL 1066 supple- 
mented with bovine scrum, encapsulated islets were rapidly 
destroyed (<30 days) and massive cellular overgrowth and 
fibrosis were observed (animals 001-3) (Table 1; Fig. 1, D 
and F). 

In these rive primates, no porcine C-peptide was de- 
tected at day 30 posttransplantation (Table I, Fig. 2). In con- 
trast, primates transplanted with capsules cultured in optimal 
conditions demonstrated the biocompatibility of alginate en- 
capsulated pig islets (see below, Table 1; Fig. I , E and G). 

Shape of Microcapsules 

In order to obtain a long term biocompatibility of cap- 
sule, a regular, spherical shape of capsule is necessary (Ta- 
ble 1, Fig. 1C). One primate (animal Oil) that received pig 



islets in capsules 38% of which were not well formed (Fig. IB) 
displayed significant fibrosis (>50%) after 6 months. In this 
case, cellular overgrowth (32%) and capsular breakage (26%) 
were observed (Table 1 ). In the other primates that received 
a mean of 91 ±5% of well- formed capsules (Fig. IC), fibrosis 
or cellular overgrowth was not evidenced. 

A clear relationship between the capsule shape and the 
purity of islets preparations was evidenced. The exocrine con- 
tamination disturbs the laminar jet of the encapsulation de- 
vice thereby .increasing the proportion of non-well shaped 
capsules. In this study, the purity was constantly over or equal 
to 90% (94±2.6%: n= 10) to be able to use our device. 

Ideal Preparation of Alginate Microencapsulated Pig Islets 

These preliminary data allowed us to determine the fol- 
lowing best condition for in vivo experiments: the best regime 
was to culture pig encapsulated islets in 17 ml CMRL 1066 at 
1.8 mM C<i CI, for 18 hr, in 75 cm' non- tissue culture treated 
flask at a concentration of 10,000 capsules/ flask in a serum - 
free medium. In 6 out of 7 remaining primates, no graft fi- 
brosis or cellular overgrowth was observed after 3, 4 or 6 
months whether the microencapsulated pig islets were culti- 
vated in the appropriate medium and when over 92% of cap- 
sules were wel 1 fo r med (Ta b le 1 ) . 

Transplantation of Non-encapsulated Pig Islets 
and Empty Capsules 

After transplantation of non-encapsulated pig islets 
under the kidney capsule of 2 primates, a peak of porcine 
C-peptide was evidenced 1 hr after transplantation (range 
2.3 1 9-6. 1 22 ng/ml). Porcine C-peptide was, however, below 
the detection threshold (<0.1 ng/ml) 7 days after transplan- 
tation (Fig. 2). After graft removal and tissue fixation, a strong 
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Porcine C- peptide In sera of primates transplanted with 
non- encapsulated vs Non -optimal/ Optimal encapsulated 
pig isiets. 

0.7 



O.o 




0 1 7 30 

Time (days) 



FIGURE 2. Porcine C-peptide level evolution in pri- 
mates transplanted with non-encapsulated pig islets (n- 2; 
Black) or non-optimal (n=5, White) / optimal (n=7; Grey) 
encapsulated pig islets. After 30 days of optimal capsules 
transplantation, porcine C-peptide was detected in 71% of 
transplanted animals (5/7 primates). No porcine C-peptide 
was detected 2 days after the implantation of free and non- 
optimal encapsulated pig islets (<0.1 ng/ml t black line). 
Mean ± SEM. 



cellular reaction was observed 2 and 7 days after transplanta- 
tion (Fig. 3). The cellular infiltration was essentially com- 
posed of CD3 (lymphocyte) and CD68 (monocyte- macro- 
phage) positive cells (Fig. 3, B and C). Complement C3 
deposition was evidenced on the graft, as soon as 2 days after 
transplantation (Fig. 3D). Empty capsules did not induced 
inflammatory and immunological reactions (data not 
shown). 

Encapsulation Prolongs Pig Islet Survival 

After stabilization, encapsulation of pig islets by 
high-M alginate improved graft survival after transplantation 
into non-diabetic primates (n = 7). A mean level of0.14±0-08 
ng/ml of porcine C-peptide was detected until day 30 post- 
transplantation, in the sera of 7 primates. However, 2 pri- 
mates had only a detectable level of porcine C-peptide (>0. 1 
ng/ml) until 7 days after transplantation (Fig. 2, Table 1). 
Level of C-peptide was significantly higher than the level ob- 
tained in naive animals (0.03 ±0.02 ng/ml). Dithizone and 
insulin positive cells were found in one graft after removal at 
day 30 posttransplantation (n= 1 ). No fibrosis and no cellular 
overgrowth were observed in this graft (Table 1). Porcine 
C- peptide was detected in 2 recipients after 60 days of trans- 
plantation (0.266 and 0.193 ng/ml). Although no porcine C- 
peptide was detected in primate sera over 90 days posttrans- 
plantation, no graft fibrosis, no capsule overgrowth and 
insulin positive cells were observed (Table I). After 135 
(n = 2) and 180 (n = 3) days of transplantation, no graft fibro- 
sis and fewer than 10% of capsules presenting cellular over- 
growth were observed in 5 out of 6 primates (Table 1 , Fig. 4, 
A and H). Dithizone positive cells were found inside grafts 



after 135 and 180 days of transplantation (Table 1, Fig. 4, C 
and D). 

No significant modification of body weight and creati- 
nine level was observed in the 7 primates receiving well en- 
capsulated pig islets 4 to 6 months after implantation. 

Microencapsulated Pig Islets Axe Viable and 
Functional 4 and 6 Months after Implantation 

Prior to transplantation, a mean viability of 84 ±6% (by 
Trypan Blue exclusion assay) was obtained for encapsulated 
pig islets (n = 1 0). Tra nsmission electron microscopy demon- 
strated the integrity of pig islets after encapsulation (data not 
shown). Prior to implantation, encapsulated pig islets (islets 
from 3 pig pancreases used for animals 008- 12) demonstrated 
the capacity to produce insulin after glucose stimulation: an 
increased insulin release after exposure to glucose 15 mM 
supplemented with cAMP-raising agent (Forskolin 1 /xM) 
was observed: 70.7 ± 15.1% vs. 3 1.6 ±9.7% of insulin content 
for glucose 15 mM + Fsk 1 fiM vs. glucose 5 mM, respectively. 
The mean stimulation index (SI), calculated as the fold-in- 
crease over baseline (% of insulin content at glucose 5 mM), 
was calculated at 2.5 ± 1 . 1 . 

Capsules were removed 135 (n =2) and 180 (n = 3) days 
after transplantation and were incubated in the presence of 
different concentrations of glucose to assess the function of 
pig islets from explanted capsules. An increase in insulin re- 
lease, after exposure to glucose 15 mM supplemented with 
Forskolin, was observed for pig encapsulated islets removed 
at day 135 (animals 008-009): 6.6±2.3% vs. 2.9±0.9% of in- 
sulin content for glucose 15 mM+Fsk 1 fxM vs. glucose 5 mM 
(P=0.028, n=2; Fig. 4E). The mean SI was calculated at 2.2 
(range 2.0-2.7). After 180 days of transplantation, one graft 
did not demonstrate insulin content and the capacity to se- 
crete insulin. This correlated with graft fibrosis and capsule 
overgrowth (Table 1, animal 011). Among the 2 other cases 
(animals 010-012), one pig islet graft demonstrated the ca- 
pacity to increase insulin secretion after exposure to glucose 
15 -mM + Fsk 1 fxM (8.4±3.7% vs. 4.7± 1.9% of insulin con- 
tent for glucose 15 mM+ Fsk 1 /xM vs. glucose 5 mM) corre- 
sponding to a SI at 1.8 (Fig. 4F). Follow up at the same time, 
observed insulin secretion* but no response to increasing glu- 
cose concentrations or the cAMP-raising agent were demon- 
strated in the second animal. 

However, a significant decrease in insulin content was 
observed in capsules explanted from primates after 135 
(2.2±1.9 ng/islet) and 180 (1.1±1.0 ng/islet) days of trans- 
plantation (P<0.005) as compared to those extracted from 
capsules prior to transplantation (32.2 ±24.3 ng/islet) for 
capsules containing a mean of 2-3 pig islet cells, P<0.005). 

Transplantation of Encapsulated Pig Islets 
Elicits a Humoral Immune Response 

Sera from 12 animals transplanted with encapsulated 
pig islets were analyzed, by Flow Cytometry, and compared to 
animals receiving non-encapsulated pig islets (n=2) and 
empty capsules (n= 1). In all primates, the presence of anti- 
pig antibodies (IgM and IgC) was detected prior to transplan- 
tation thereby confirming the presence of preformed anti-pig 
antibodies (Fig. 5). No increase in lgM or IgC anti-pig anti- 
bodies was found in the sera of primates transplanted with 
empty capsules. In contrast, when primates were given non- 
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FIGURE 3. Cellular infiltration and graft destruction 
were observed 7 days after non^encapsulated pig islet 
transplantation. Very few insulin-positive cells were found 
((A) insulin staining; original magnificatibn: x 8) . , Immunp- 
histochemistry revealed massive CD3 (B) and CD68 infiltra- 
tion (C) (original magnification: X 5). Complement C3 dep- 
osition was observed on the graft^(originai magnification: 
X10.D). 

encapsulated pig islets (ri.= 2) the level of anti-pig IgM and 
IgG antibodies \^ 

lated islets (n— 2), islets cultivated in do vine serum (n = 3) or 
well encapsulated pig islets (n— 7) were implanted a signifi- 
cant increase in the level of anti-pig IgM and I gG antibodies 
was observed as shown in Figure 5. 

DISCUSSION 

The first aim of this study was to demonstrate the bio - 
compatibility of encapsulated pig islets for long-term (6 
months) in primates and to evidence the r parameters wh ich 
significantly influence the compatibility of these capsules; 
The second major goal was to proof the concept by demon- 
strating that pig encapsulated islets are capable to respond to 
a hyperglycemic stimulus 6 month after implantation into the 
most stringent xenogeneic model and without imrnunosup- 
pressiqn. 

Without encapsula tion, pig islets are destroyed with in 2 
days of transplantation as evidenced by loss of C-peptide pro- 
duction and humoral and cellular rejection at immunohistolT 
ogy{16). 

In order to prolong porcine islets viability without im- 
munosuppression, pig islets were encapsulated following sev- 
eral parameters which allowed long-term viability and imm u- 
noprotection (/7, 18). Pig islets were encapsulated in a highly 
purified high-Malginate.cross-linked with Ga + * ions and, the 
use of a very low endotoxin-containing alginate without ad- 
ditional permselective PLL coating seemed crucial. (?> 19). 
Similarly, Duviver-Kali et al. arid Omer et al. reported im- 
proved capsule integrity and pig islet viability up 3 months 
after transplantation in B6AF1 mice, by using similar alginate 
(10, 20). 

Although recent experiments demonstrated improved 
stability after alginate, cross-linkage with Ba 4 " 4 *, we tested al- 
giria te ca psu le cross - 1 i nkage wi th Ca * * followed by a pre im - 
plantation culture at a [Ca + f ] concentration of 1.8 inM 
5). This.ICa* *j concentration was chosen after testing sev- 
eral lower and higher concen trations of CaCK during preim- 
plantation culture. up to 24 hr. Although Hani F10/F12 me- 
dium corresponds to, the optimal culture media for rion- 
encapsulated adult pig islets culture, low [CaCKJ (0.3 mM) 
media induce capsule swelling and provoke disruption of 
capsule membranes which could expose pig tissue to the host 
immune system and thereafter to graft fibrosis and islet ne- 
crosis ( J 7, 21 ). Following these in vitro data, the optimal con- 
centration of 1.8 mM was selected as well as a .culture period 
of 18 hr prior to implantation in order to stabilize the alginate 
capsules. Several commercial media contain a concentration 
of 1.8 mM CaGl 2 and CMRL 1066 was chosen to culture en- 
capsulated pig islets since its efficacy for pig isiet, cultures. is 
known (22). In three primates, encapsulated pig. islets were 
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FIGURE 4. No fibrosis was ob- 
served macroscopically for grafts re- 
moved after 1 35 and 1 80 days of trans- 
plantation in primates (A, B, *graft). 
Dithizone positive cells (arrow) were 
. also detected for pig encapsulated is- 
lets explanted 'after 135 (C) and 180 
(P) days (location bar: 100 jum) . En- 
capsulated pig islets explanted from 
grafts 135 days after transplantation 
were able to produce a significant 
amount of insulin after glucose/For- 
skolin stimulation (E), (P<0.05 for 
G15+Fskys.G5, n=2). After 180 days, 
insulin secretion was observed but 
without response to stimulation (F, 
n—2). Black square and black triangle 
represents replicates for each pri- 
mate. 
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cultured in CMRL medium complemented with bovine se- 
rum, and severe graft destruction ensued one month after 
implantatiori. Although capsules were intensively washed 
prior to transplantation, bovine proteins could stick to the 
capsule surface and lead to the host immune system activa- 
tion. Therefore, serum- free CMRL was then used to culture 
encapsulated pig islets in the following seven in vivo implan- 
tations and graft destruction was not evidenced. 

The percentage of "well- for med capsules also, appears 
crucial for pig encapsulated islet btocompatibility. In fact, one 
primate which received stabilized encapsulated pig islets cul- 
tivated in free-serum medium, demonstrated 50% graft fi- 
brosis 6 months after implantation. Retrospectively, this graft 
was composed by a high percentage (38%) of pig islets pro- 
truding outside the capsules (23). 

Overall, these data suggest that encapsulated pig islets 
must be embedded in very pure alginate, cultivated for 18 or 
24 hr in serum-free medium containing a concentration of 
1.8 mM of CaClj. In addition, the ratio of well formed cap- 
sules must be over 90% to obtain a long term in vivQ.biocpm- 
patibility in the pig to primate model. 

Although the survival of encapsulated pig islets in dia- 



betic monkeys was reported nine years ago but never con- 
firmed by others teams (7), there is one recent and casuistic 
manuscript describing biocompatibility of alginate/polyorni- 
thine/alginate microcapsules after 8 weeks of implantation 
into noil-diabetic primate. (24), The present experimental 
work in vivo clearly demonstrates that implantation of opti- 
mized capsules might improved pig islet: survival into pri- 
mates without immunosuppression for up to 6 months. In 
this study, the monkeys were not diabetic since the first goal 
was to assess the biocompatibility of pig encapsulated islets 
and to prove the concept. The more important result ob- 
tained in this study was certainly the dernonstration that' 135 
or 180 days after the implantation of encapsulated pig islets, 
some of the islets survived and \yere able to respond in vitro to 
a glucose challenge showing a stimulation; index up to 2.2. 
This result demonstrates that pig islets survived up to 6 
months in the most stringent xenogeneic pig to primate 
model without any immunosuppression. Evidently, among 
the explanted capsules there was a strong reduction of insulin 
content as compared to pretransplantation level (from 30 ng/ 
islet up to 2 ng/islet),but the loss ofsurviving beta cells prob- 
ably derived from multiple ofigiiis: the fact that (i) capsules 
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FIGURE 5. Representative development of anti-pig anti- 
bodies in primate sera prior to and after transplantation 
with empty capsules, hon-ericapsulated pig islets, well- 
shaped encapsulated pig islets (stabilized) ancVnon-opti- 
mally encapsulated pig islets (left: IgM, right: IgG). All an- 
imals had preformed antibodies. When empty capsules 
were implanted, no change in the anti-pig IgM or IgG was 
observed, while in all animals - receiving encaps ulated pig 
islets a significant increase in IgG was evidenced thereby 
confirming immunisation. 



were implanted in normoglycemic monkeys, that (ii) cap- 
sules were not injected following a monolayer which certainly 
induced a lack or* oxygenation oh the external layers of cells, 
that (iii) chronic rejection ensues due to continuous anti-pig 
IgG production or eventually, that (iv) cytokine release by 
encapsulated islets occurred (IS). "Regarding this latter pa- 
rameter, however, it must be pointed out that cytokine release 
was clearly identified as a mechanism of islets loss when en- 
capsulated islets were injected into the peritoneum which 



seems a more inflammatory site than kidney space (Dufrane 
et ah, manuscript submitted). 

The site implantation under the kidney capsule was, 
used in this work, since local oxygen pressure is high and the 
recovery of capsules is rendered easy for analysts, but for clin- 
ical applications other sites should be investigated. i.e. as sub- 
cutaneous space. The usual intra- portal way, used in clinical 
applications, would be impossible due to the capsules size 
which will induce hepatic thrombosis. 

Some of the pig islets survived long-term despite a 
strong humoral anti-pig immune response. In fact, all the 
primates used in this study had preformed anti-pig antibodies 
of both IgM and IgG types. Despite the encapsulation, all 
primates developed an elicited anti-pig immune response as 
evidenced by the significant shift of both anti-pig IgM and 
mainly IgG antibodies by flow cytometry. When empty cap- 
sules were implanted under the kidney capsules, no humoral 
response was elicited up to day 145 after grafting thereby 
demonstrating that pig islets were responsible for the anti- 
body response. Despite this antibody production, no rejec- 
tion or fibrosis was evidenced thereby demonstrating the im - 
mune protection of the pig islets by the capsules (i0). The 
immunization against pig proteins could be the consequence 
of a small percentage of pig islets not being encapsulated or 
simply prove that pig proteins might get out of the capsules 
(25), such as porcine C peptide (26). 

In conclusion, this study demonstrated that several pa- 
rameters must be in place to improve the biocompatibility 
and survival of encapsulated pig islets up to 6 months in the 
most stringent xenogeneic pig to primate model. This partial 
but long-term survival is obtained despite an ongoing anti- 
pig IgG response thereby showing that encapsulation protects 
the islets in the long term. Similar experiments are being per- 
formed in STZ- induced diabetic monkeys to demonstrate the 
usefulness of this approach in type I diabetes and the possible 
correction of hyperglycemia in vivo. In addition, the cellular 
graft is how being designed as a mono-layer graft to improve 
the oxygenation of beta cells. 
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Tide: Novel use aritnin transplantation surgery 

Field of the Invention 

The present invention is within the field of transplantation surgery. More 
closely, the present invention relates to use of a clotting preventing agent in 
the production of a drug for administration in association with 
transplantation of cells and tissuje, such as insulin producing cells to 
patients with insulin dependent diabetes mcllitus, 1DDM. 

Background of the invention 

The only option to achieve permanent normoglycemia in diabetic patients is 
a renewal of the p-cells, either by transplantation of segmental /whole 
pancreas or isolated islets of Langerhans. Transplantation of isolated islets is 
considerably less successful compared to whole pancreas transplantation. 
The immunological barrier, the underlying autoimmune disease and the 
immunosuppressive drugs used; are the same in both types of 
transplantation. Thus, there is no obvious immunological explanation as to 
why transplantation of whole pancreas is more successful than islet 
transplantation. 

If, however, the problems related to the unsuccessful outcome of 
transplantation of islets were identified and a technical and practical 
solution was developed, obvious benefits for the patients would be created 
: implying interesting commercial opportunities. 

The prior art in this field is largely confined to measures aiming at reducing 
= ' immunological reactions. WO 917 1 1607 describes transplantation of 

: microencapsulated insulin producing cells as a means of protecting the cells 

: - from immunological reactions and/ or combined with treating the recipient 

: : . ' with a substance that would inhibit an immune-system coslimulation. WO 

9 10S8SS describes transplantation of islets of animal origin and that the 
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animal tissue should be modified to contain homologous complement 
restriction factors. DE 19623 440 Al describes methods for encapsulation of 
islets and points out that the artificial encapsulation material may induce 
platelet activation, coagulation and complement activation, and therefore the 
encapsulation material should be modified to allow release of inhibiting 
substances as e.g., heparin, hirudin or Marcumar. US 5 635 178 is not 
related to transplantation of islets but describes monoclonal antibodies 
having inhibitory activity towards the terminal complex of complement and 
that such antibodies can be used to reduce activation of platelets and 
endothelial cells. 

It is evident for those skilled in the art that measures aiming at inhibiting 
immunological reactions in connection with transplantation of islets 
regardless of being allogenic or xenogenic have not lead to a satisfactory 
result in respect of clinical outcome. 

Summary of the invention 

The present inventors have performed experiments implying adding human, 
adult porcine or fetal porcine islets to human whole blood and have been 
struck by the vigorous coagulation occurring when these islets were injected 
into human ABO -compatible blood. As judged by microscopical 
examinations it is evident that the islets are rapidly coated by a. layer of 
platelets which soon develops into an organised thrombus. This biological 
event has previously not been considered and is now suggested to be a major 
explanation as to why the outcome of autologous islet transplantation has 
been comparatively unsuccessful. The present invention is related to 
measures to reduce this incompatibility reaction that can cither be directed 
towards inhibiting activation of platelets, mono- or polymorhonuclear cells 
or the enzyme cascade of coagulation. Regardless of the initialing event, any 
of these reactions will lead to generation or thrombin, which eventually 
converts fibrinogen to fibrin. The generation of thrombin can easily be 
monitored by measuring the thrombin- antithrombin complex (TAT complex). 
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Hence, the present invention is concerned 
inhibit TAT complex formation upon 
to whole blood. 



exposure 
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with therapeutic measures lo 

of allogenic or xenogenic islets 



Therefore, the present invention relates to i 
agent in the production of a drug for admiip 
transplantation of cells and tissue, such 
patients with insulin dependent diabetes 



use of a clotting preventing 
istration in connection with 
insulin producing cells lo 
i&cllitus, IDDM- 



Preferably, the clotting preventing agent is 
heparin or fractions or derivatives) thereof, 
citrate etc. can be used. 



or 



In one embodiment of the invention 
fractions or derivatives thereof by 
containing heparin or fractions 
heparin to coat the islets, it was 
acquired an increased capacity to 
(described below) demonstrated 
such modified islets. 



an anticoagulant, such as 
Alternatively, hirudin, oxalate, 



, the islet cells are coated with heparin or 
prcincu nation of islets in a solution 
derivatives thereof. Using a conjugate of 
dlemonsti ated that the modified islets had 
adsorb ontithronibin and loop experiments 
it is possible to reduce clotting by using 



that 



such 



In an alternative embodiment of 
inhibitor of platelet activation, 
amino acids) containing peptide 
interaction of platelet integrins with 
for example a monoclonal antibajdy 
receptor on platelets. 



the invcr 
as a 
0r a 

their 
or a 



A combination of anticoagulant 
used as clot Lis? g nrrv^nHng a am 
preventing agent (s) is /arc su 



monoclonal 



tion, the preventing agent is an 
iiGD (standard one letter code for 

antibody which inhibits the 
specific ligands. This antibody is 
pleptidc directed against the Fc 



and inhibitor of platelet activation can be 
t pcrnrding: to the.invcnrinn^.Optionally^Lhfi 
ppltmented by an inhibitor of complement. 
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Furthermore, the invention relates to a met hod for increasing survival of islet 
cells in connection with transplantation of Insulin producing cells to patients 
with insulin dependent diabetes mcllitus, 1DDM, comprising prevention of 
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clotting, monitored as reduced generation 

Detailed description of the invention 

The invention will be described more close 
accompanying drawings, in which 



of thrombin-antitrombin complex. 



ly below in association with the 



Fig. 1 is a graph showing percent aggregation of platelets following addition 
of islets to platelet rich plasma, PRP f as a function of time; 



Fig, 2 shows a similar graph as in Fig. 1 
letter code for amino acids) tetrapeptide 
added; and 



but 



was 



here a RGDS (standard one 
added to PRP before islets were 



I'^g. 3 shows a similar graph as in Figs. 1 
antibody against the Fc receptor on plate 
were added. 



and 2 but here a monoclonal 

ets was added to PRP before islets 



AH the in vitro experiments for studies of islets contacting whole blood were 
performed in a tubing loop model. The ex perimental model is a modification 
of a model for testing biomatcrials that has previously been described 
( J, Clin. Immunol, 16, 223-230 (1996))/ Tubings made of polyvinylchlorldc 
(PVC, i.d. = 6.3 mm, length = 300 mm) w*re modified with immobilized 
heparin according to a method developed by Cox*linc Systems A13 (Uppsala., 
Sweden) as disclosed in international patent application no W093 /05793. 
Briefly, the polymer surface is modified with a high molecular weight amine 
compound to add primary amine groups to the surface. A soluble conjugate 
prepared by covalent binding of approximately 60 mol of heparin per rool of a 



straight-chained polyallylamlne is irreve 



surface of the tubings. This procedure results in a total surface 



■sibly bonded onto the amine 
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concentration of heparin of approximately 

heparin modified tubings it is possible to incubate the tubings with non 
anticoagulated fresh human blood in a rocking device at 37°C for one hour 
with only moderate activation of blood (c.f, rxmtrol column in Table I A and 1 
B below). Unmodified tubings will invariably induce complete clotting at 
these experimental conditions. Addition of human islets or porcine adult or 
fetal islets lead to some remarkable observations. Complete clotting 
invariably occurred with a total loss of platelets, a sharp increase in the 
formation of TAT and a very significant increase in the markers of the early 
contact phase (FXIIa and FXIa) of coagulaUon (CX Table 1 A and 1 B), 
Histological examination revealed a dense 
immediately adjacent to the capsule of th<[ 



we tic 



The findings in vitro described above 
porcine islets after intraportal transplalatat 
removed 60 min. after islet transplantation 
patchy dark discoloration's on the surface 
found, with a patchy adherence to the 
portal tree, partially occluding the vessels 
revealed islets entrapped in blood clots 
Occasionally a fibrin tail could be observed 



tmt 



With reference to Table 1 B, it appears 
of complement leads to reduced activatio: j 
there is no measurable effect on the clottjing 
platelets. If, however, soluble heparin 
there was a remarkable improvement in 
platelets and reduced generation of TAT. 



In another set of experiments the effects 
platelet integrins and their specific liganjls 
to Pig, 1-3, it appears that platelet aggre 
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ayer of activated platelets 
islets. 



confirmed in vivo by evaluation of 
ation in pigs. The porcine livers, 
, had a congested appearance with 
. In the portal veins blood clots were 
Endothelium, and branching into the 
The histological examination 
with a disrupted islet morphology, 
extending away from the islet, 



the effect of adding an inhibitor 
of complement, as expected, but 

of blood or activation of 
added to the experimental system 
^reservation of the number of 



of inhibiting the interaction between 
were investigated. With reference 
ation is induced upon contact with 
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islets and that such aggregation can be pnbpcntcd by blocking platelet 
integrins or Fc-rcceptors- 



conjugat- 



Porcine islets were surface modified by 
containing a high molecular weight 
Conjugate), as disclosed in WO 93/05793 
buffer several times. It was demonstrated 
acquired an increased capacity to adsorb 
showed that heparin modified islets 
to unmodified islets. 



incfiibation in a buffered solution 
e of heparin (Corline Heparin 
and then rinsed by changing 
bat the modified islets had 
^ntithrombin and loop experiments 
in reduced clotting compared 



resulted 



It is easily understood by those skilled in 
arsenal of agents that can be used to accomplish, 
hence, the following non-limiting Example s 
principle behind the present invention- 
Example 1: Effect of soluble hepuijx 



Sixty ml ofnon-anticoagulated blood was 



collected from healthy blood 
donors using heparin-coated equipment. CJ-shapcd tubings with a total 



volume of nine ml were filled with eight m 



addition of isolated human islets or porcine adult or porcine fetal islets (500 
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Ifre art that there is a broad 
reduced cloning, and 
are only used to demonstrate the 



of blood immediately followed by 



IEQ). The tubings were then closed into lojsps using connectors of titanium 
furnished with immobilised heparin. The tubing loops were placed vertically 
in a rocking device and the complete apparatus was placed in an incubator 
at 37°C for up to sixty minutes. At the er.d of the rocking period blood was 
collected in EDTA and the number of cells were counted in a automatic cell 
counter. The blood samples were then ceatrifuged at 4°C (3290xg, 20 min) 
and EDTA plasma was collected and immediately put at -70°C- Islets 
retrieved after blood perifusion were prepared for ixnmunohistochemistxy. 
The results arc summarized in Tabic 1A and IB below. 



! I 
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Table I A shows results of blood cell 
parameters before and after 60 min. of 
compatible fresh human blood or blood 



counts 



Table 1A 



Tabic 1A: Blood cell counts and coagulation 
And after 60 rain, of human islet perfusion with 
or blood supplemented with heparin 



BEFORE 



CONTROL* 



P. 10 



and coagulation and complement 
human islet perifusion with ABO- 
supplemented with heparin. 



and complement parameters before 
ABO-compatiblc fresh human blood 



WITHOUT ADDITIVES 



riattalob; (Xl00 
Neulrn. (x!0') 
Mono. (xlO°) 
Lymph, (xioi 
CJti(ng/inT,) 
CSb-*> (AU/ulIO 
I-XIIa-AT (umof/L) 
I-'XIq-AT (lunol/X.) 
TAT WmL) 



233 d- 13.B 
3-23 ± 0.33 
0,36 ± 0.03 
L9I a 0.12 
84 ± 4.7 

15.f> d= 2.9 
0.09*0.01 
0.0(5 ± 0.01 

12.5i 5.2 



16L.U 9.3 
3.03 ± 0.32 
0.36 ± 0.04 
i 77±0.12 

S07± MS 
VS-fc 30 
0.36 ±0.15 
0,12 ±0.03 

316 * J 00 



HEPARIN 



.S 4i 0,3 

D.K3±0.18*** 
0,03 ±0.01 
1.29 d O^"* 
59± US. I"' 
213 ±43.4* 
J 2.9* 0.9'" 
4 74±0.48 ,,, •• 
24)537 ± ]973 % * 



1255 



1 14 A 17* 

2.56 =fc 0.43 
0.2R± 0.00 
1.60*0.20 
S65± 143.6 
147 i. 39.6 
5.4 ± 1.7** 
0.34 ±0.12* 
446"? a 2285 



Control loops contained blood and culture medium tRPMl). but no islets. All values aru stnrud as the Mcai 
SE(M). TAT, Tlirombin-antithrombin. The degree of[ significance is reported with respect to the controls. 
(*p<0.05: **p<0.0l; ***p<0.001; n.a..- not analysed). 



Table I L3 shows results of blood cell cdunts and coagulation and complement 
parameters before and after 60 min. ot adult and fetal porcine islet 
perifusion with fresh human blood or blood supplemented with the 
complement inhibitor CI inactivator (C1-1NA) or heparin. 
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CI inactivator reduced complement activation but tiad no detectable effect 
on the coagulation parameters. Soluble heparin, however, prevented clotting 
and there was a remarkable improvement with respect to platelet count and 
generation of TAT. Notwithstanding the results obtained by the use of Cl- 
INA, it is obvious that it should be beneficial to combine an anticoagulant 
with an inhibitor of complement. 

£xaxnple 2: Effect of platelet inhibitor 

Platelets in platelet rich plasma (PRP) and gel Altered platelets were tested in 
an aggregometer. Islets were added to PRP and thereafter analysed in the 
aggregometer. It was shown that the islets induced aggregation of the 
platelets (Fig. 1) and that platelets number in the sample were reduced from 
375 x 10° to 236 X 10 9 , If purified platelets without plasma proteins were 
used in combination with islets no aggregation and reduction in the platelet 
count were observed. In attempts to identify the mechanism behind the 
induced aggregation, an RGDS tetrapeptide to inhibit intcgrin binding and a 
monoclonal antibody against Fc reepctors on platelets were vised. Addition of 
the RGDS peptide totally abolished the aggregation and the consumption of 
platelets when islets were added to PRP (Fig, 2). A similar finding was 



obtained if the antl-Fc receptor antibody 
Conclusion: The experiments show that 



was added (Fig. 3), 

islets bind to platelets when added 



to PRP. This binding induce activation and aggregation of the platelets 



2£xaxnple 3: Effect of surface m< 
conjugate 



odiflca.ti.arii of islets ushag m heparin 



Using Corline Heparin Conjugate (c.f. WO 
approximately sixty mol of heparin covalmtly 
chained carrier, adult porcine islets were 
of the heparin conjugate onto the surface 



93/05793) containing 

bound to owe mol of straight- 
modified by irreversible adsorption 
of the islets . This was 
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lo 



30 minutes at 37 e C in a buffered 



accomplished by incubating the islets for 
saline solution containing heparin conjugat 

The presence of heparin at the surfaces oi the islets was demonstrated by an 
ELISA assay for islet surface associated aaitithrombin (AT). Unmodified and 
heparin modified islets were incubated in 

and then rinsed several times by changing buffer. The islet were then 
incubated with anti-AT that had been lab sited with biotin. Using 1IRP- 
labelled strcptavidin the uptake of anti-A^l 
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could be semiquantitalively 



estimated. The uptake of anti-AT on the heparin modified islets was three 
times higher than that on the unmodified islets showing that biologically 
active heparin was present on the surface: of the islets. Testing of heparin 
modified islets in the tubing loop model resulted in less clotting compared to 
unmodified islets. 

The present invention is expected to significantly improve the situation for 
IDDM patients. By administering an anticoagulant and/or inhibitor of 
platelet activation, optionally in combination with surface modification of 
islets, and optionally together with a complement inhibitor, in association 
with transplantation of insulin producing cells it is expected that the need of 



providing these patients with injections o 
decreased or even eliminated. 



f insulin will be substantially 
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Use ° r a Preventing ^nt in th. 

administration ta connection w l "' , faction of a aru e f or 

3- Use according ,o data 2 , wherein „ 

fractions or derivativ<!s thercof herein thc ="«<«>»gulant f. hepartn or 
5. Use according to claim i *. 

P^Ce, activat.4 *• "ting ^ (s ^ ^ 

6. Use according to claim 5 whe,ei„ f „ 

containing pepti(Je "» Preventing agent „ a ROD 

7 - US ° acc °rding to claim 5, wherein th. 

c rece Pf>r on platelets. 
8. Use according to claims s-7, wherein th . , . 
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10. isolated cells comprising islets of Langerhans, characterized by being 
coated with a heparin conjugate on the islet surface. 

11- A method for increasing survival of islet cells in connection with 
^pl„n of insulin producing cells -to patients with insulin dependent 

reduced generation of ihrombin-amitrombin complex. 
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The present invention is within the field of transplantation surgery. More 
closely, the present invention relates to use of a clotting preventing agent in 
the production of a drug for administration in association with 
transplantation of insulin producing cells to patients with insulin dependent 
diabetes rnellitus, IDDM. The invention is expected to significantly improve 
the clinical outcome of transplantation of islets of Langerhans. 
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Fig. 3 
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